Abstract: Sixty-five plant species have been found in Lake Provala (the Vojvodina Province, Serbia) and its riparian zone. Among them, three hydrophytes were dominant: Nymphoides peltata, Myriophyllum spicatum and Ceratophyllum demersum. As interactions between different ecological factors, especially light, temperature and nutrient level, are of prime importance for productivity of macrophytes, we analyzed the main physical and chemical indicators of water quality in the studied location. In the vegetation period of the year 2000, the dominant hydrophytes were analyzed for biomass production dynamics in the studied aquatic ecosystem, including fresh weight (FW), dry weight (DW) and ash free dry weight (AFDW). The studied plant species achieved maximum biomass production in June, with statistical differences among the species at the significance level of α = 0.05.
Introduction
Aquatic ecosystems are exceedingly complex as they develop through interactions between biotic and abiotic components which have a specific hierarchical organization. The biotic component is comprised of associations of producers, consumers and decomposers. The abiotic component includes water, sediments and suspended material. In shallow lacustrine ecosystems, macrophytes and phytoplankton are the main constituents of primary production. Janse [1] and Weisner et al. [2] distinguish two possible stable states in shallow lakes -dominance of phytoplankton (turbid water) and dominance of macrophytes (clear water). In both cases, no matter which of the components is dominant, there are specific competitive relations between the components with regard to nutrients, light and other ecological factors. For example, a massive growth of phytoplankton tends to disturb the light regimen which in turn acts as a limiting factor to the development of macrophytes [1, 3, 4] . Also, interactions within food chains cause changes in the trophic status of a lake. These changes affect directly the structure and size of primary producers, causing the so-called "cascade effect" in food chains [1, 5] which directly influence the distribution and cycling of nutrients [6] . The objective of this study was to assess the dynamics of biomass production of the three aquatic vascular macrophytes, Nymphoides peltata, Myriophyllum spicatum and Ceratophyllum demersum, which dominate the primary production taking place in Lake Provala. The obtained results are expected to indicate whether or not it is necessary to reduce the present phytomass, in order to slow down the process of eutrophication and to prevent the phytomass hindering the sporting and recreational activities organized at the lake.
Material and Methods

Lake Provala is located at 45
• 29 geographic latitude and 18
• 86 geographic longitude, at the altitude of 80 m. It constitutes the eastern part of Vajska-Bođani swamp in the southwest Bačka region (the Vojvodina Province, Serbia). The Danube River is 5.5 km west of the lake. The alluvial plain of the Danube, in which Lake Provala had been formed as a consequence of the collapse of a levee during a large flood in May 1924, contains deposits of water-permeable sand and sludge. At an intermediate water level, the average area of the lake is 42 000 m 2 . Due to its considerable depth (19 m maximum), the volume of the lake is 282,580 m 3 . The transparency of lake water in the deepest part is 150 cm [7] .
The flora of the lake and a narrow riparian zone comprises 65 plant species [8] . In the littoral zone at the southern end of the lake, the emersed vegetation, dominated by the common reed Phragmites communis, grows in masses. Three hydrophytes dominate the water of Lake Provala, Myriophyllum spicatum, Nymphoides peltata and Ceratophyllum demersum.
During the study period, the following physical and chemical indicators of water quality were analyzed in Lake Provala: dissolved oxygen content ( nd = not determined, I -southern part of Lake, II-middle of Lake, III -northern part of Lake Table 1 Basic physico-chemical parameters water of Provala Lake measured at three sites between April and December 2000.
The water samples were fixed and taken according to standard methods [9, 10] . The samples were consistently collected from three marked places in the lake (southern part -the shallowest part of the lake, middle of lake -middle lake depth and northern partthe deepest part of the lake).
In Lake Provala, there is a more or less clearly expressed regularity in the seasonal occurrence of individual indicators, depending on climatic, hydrologic and hydrobiological factors. The data obtained for dissolved oxygen, the main indicator of dynamic processes taking place in water, indicate the presence of two characteristic periods: the vegetation period and the fall and winter period. The former period features high oxygen contents in I and II class (based on the currently valid regulation in Serbia, [11] ) that is, the "high and good" ecological status [12] waters followed by high saturation values and pronounced supersaturation maximums indicative of high organic production. The latter period is characteristic for oxygen deficit in II and III class waters ("good and moderate" ecological status), which is indicative of intensive decomposition processes.
In the course of vegetation period there occurs a disturbance in the balance of carbonic acid which is manifested through increased pH values (8.4 to 9.5). Outside the vegetation period, pH values range between 6.8 and 8.2 (Table 1) .
The results obtained for the indicators of organic loading (COD-MnO 4 and BOD 5 ) classify the water of Lake Provala in I (high ecological status) to III class (moderate ecological status). Maximum values of BOD 5 are registered during vegetation period, reaching 69% of the value of COD-MnO 4 .
Large variations were registered in the content of biogenous elements in Lake Provala. They were due to the biochemical processes which change the content and form of mineral nitrogen and phosphorus. In the periods of intensive organic production, the proportion of mineral nitrogen forms directly used by plants and algae (nitrate and orthophosphate) decreases in favor of organically-bound nitrogen. Subsequently, in the process of decomposition (especially in the fall), increases in ammonium nitrogen and organically-bound phosphorus are registered first, followed by other forms of mineralization (Table 1) .
According to the total content of mineral nitrogen, a criterion used by [13] , the quality of water in Lake Provala is characterized as ultraoligotrophic -polytrophic. According to the total content of phosphorus, water quality is characterized as ultraoligotrophiceupolytrophic. Based on the average annual contents of nitrogen and phosphorus, Lake Provala may be classified as meso -mesoeutrophic.
Phosphorus content is the key factor for eutrophication of waters. The concentration of 100 mg P m −3 is considered as the limit value for polytrophic waters [14] . According to OECD criteria, Lake Provala periodically belongs to the category of eutrophic aquatic ecosystems, with the content of P ranging from 35 to 100 μg l −1 . ).
Collecting of macrophytic plant species for analyses of primary production and plant biomass was conducted in the course of the 2000 vegetation period following standard methods [9] . Aquatic vascular macrophytes were sampled from a boat, with 0.5 m 2 wooden frame, and with a modified Ponar's dredger (sample area 0.25 m 2 ) assisted by a team of divers. The collected plant material was labeled and transported to a laboratory where it was rinsed in water, left to dry and weighed on scales with the precision of ±0.1 g. The weighed samples of plant material thus represented the value of fresh weight of the macrophytes expressed in g m −2 . Subsequently, 10% of the weight of each sample was taken for a sub-sample which was dried at 105
• C for 30 h until constant weight.
Based on the measurement of sub-sample weight after drying, dry weight of macrophytes was calculated and expressed in g m −2 . The dried plant material was then ground and heated until it stopped emitting gasses. The residue was ashed at 550 • C for 6 h. After cooling in an exsiccator, the remaining material was weighed and ash-free dry weight (AFDW) calculated and expressed in g m −2 . Statistical analysis was performed using STATISTICA 7.0 software [15] .
Results
We analyzed the following parameters as indicators of biomass production of the three hydrophytic species dominating Lake Provala, Myriophyllum spicatum, Nymphoides peltata and Ceratophyllum demersum: fresh weight (FW), dry weight (DW) and ash-free dry weight AFDW ( Table 2) . The values of the parameters were expressed in g m −2 . In Figures 1, 2 and 3 we compared the measured values of the three biomass parameters against the theoretical values (the solid line) calculated on the basis of appropriate trend model. In most cases, the measured values corresponded to the model of a third degree parabolic function (y = a + bX + cX 2 + dX 3 ), i.e., this model showed the lowest disagreement with the measured values. The model of a third degree parabolic function describes the appearance of two maximums and two minimums of biomass of aquatic macrophytes during the investigation period.
In the year 2000, the submersed species M. spicatum was the first to occur and it completed its vegetation and sank to the bottom by August. The floating species N. peltata and the submersed hydrophytic species C. demersum remained active throughout the vegetation period.
Fresh weight (FW)
Highest values of fresh weight per square meter were registered in the month of June, when all three plant species reached the peak of vegetative growth (Figure 1 ). Fresh weight production was most intensive for all three species between May and July. The highest average fresh weight was registered for Nymphoides peltata (2780 g m −2 ), followed
by Myriophyllum spicatum (2590 g m −2 ) and Ceratophyllum demersum (2200 g m −2 ). The difference in fresh weight between the floating species N. peltata and the submersed species C. demersum was not statistically significant in the studied period. 
Dry weight (DW)
The average values of dry weight ranged between 22 g m 
Ash-free dry weight (AFDW)
The average values of ash-free dry weight for the analyzed plant species ranged from 3 g m −2 , for N. peltata in September, to 181 g m −2 , for M. spicatum in June. Similarly to the previously discussed biomass parameters, the highest AFDW values were registered at the peak of vegetative growth, i.e., between May and June ( Figure 3 ). The analysis of variance indicated the presence of highly significant differences in AFDW, as confirmed by the F test (F = 108.44**). The LSD tests showed that the ash-free dry weight differed significantly among the three species. The arithmetic means of ash-free dry weight in all seasons were 86.34 g m −2 for M. spicatum, 11.00 g m 
Discussion
Anthropogenic factors profoundly affect the dynamics and balance of processes taking place in aquatic ecosystems. An increase in the content of biogenous elements, which are typically low in natural waters, is a result of a wide array of human activities and it is a frequent cause of disturbances of the natural biological balance in surface waters, especially those which are stagnant [4, 16] . It is important to keep in mind also that, in addition to the ecological, hydrological and meteorological conditions, the level of nutrients (nitrogen and phosphorus) is an important qualitative-and, to a certain measure, quantitative factor affecting the development of flora and fauna in surface waters. High contents of nutrients in water and sediments, in combination with the factors mentioned previously, may cause the proliferation of the plankton (algal bloom) and macrophytic vegetation in shallow water. When the processes of production of plankton and plant organic mass and detritus decomposition occur concurrently, the organic load of the system (water and mud) tends to increase, causing the so-called "secondary" organic load.
Interactions among the different ecological factors, including light, temperature, sediment composition, nutrient levels and available carbon, are decisive for the productivity of macrophytes [17] [18] [19] [20] [21] . In aquatic ecosystems of the macrophytic type, macrophytes are responsible for the largest portion of the primary production. This was characteristic for Lake Provala which is dominated by three vascular macrophytes, Myriophyllum spicatum, Nymphoides peltata and Ceratophyllum demersum. In the year 2000, biomass dynamics of these species was monitored in certain periods because the rate of growth of the macrophytes is neither continual nor uniform throughout the year, but it changes with climatic conditions and the trophic state of the aquatic ecosystem [22] .
In Lake Provala, the submersed hydrophytes M. spicatum and C. demersum occur first while the floating hydrophyte N. peltata develops later. The highest production of fresh weight was registered in May and June, when all three analyzed species reached the peak of their vegetative growth. The highest average value of fresh weight was obtained for the species N. peltata (2780 g m −2 ), followed by M. spicatum (2590 g m −2 ) and C. demersum (2200 g m −2 ). Similar values of fresh weight in macrophytes were reported by [23] . As the average values were calculated throughout the vegetation period (from May to September), periodic fluctuations in fresh weight could be observed by comparison against the third degree parabolic function ( for C. demersum) were in agreement with the available literature data for dry weight in macrophytes [24] [25] [26] [27] , which typically amount to about 10% of the fresh weight. Similar to the periodic fluctuations of fresh weight, dry weight fluctuation followed the third degree parabolic function ( [28, 29] . This was confirmed in this study, especially for M. spicatum (Table 2, Figure 3) . Maximum AFDW values were registered in June for M. spicatum (181 g m −2 ), minimum values in September for N. peltata (3 g m −2 ). The obtained average values of AFDW for N. peltata (11% in relation to dry weight) and for C. demersum (15% in relation to dry weight) are in agreement with literature data which report average values from 6.75% to 18.11%. The average AFDW obtained in this study for M. spicatum was higher than the available literature data [30] . The periodic fluctuations of AFDW in the studied plant species followed the third degree parabolic function. Figure 3 shows that M. spicatum reached maximum AFDW in late May and early June, and minimum AFDW in late July. However, there were no large differences in AFDW between N. peltata and C. demersum throughout the vegetation period. The ratio AFDW/DW for the studied hydrophytes was variable (Figure 4 ). It was largest in the period of intensive phytoproduction in June, for all three hydrophytes, with another peak of activity in the period August-September in the cases of N. peltata and C. demersum. The latter increase was accompanied by a reduction of mineral elements in the water ( Table 1 ). The ratio went down at the end of the vegetation period, which was due to an intensified alluviation of mineral elements in the mud and sediments.
The obtained results for physicochemical indicators of water quality and the existing biomass are indications of a considerable degree of eutrophication taking place in Lake Provala, especially during the vegetation period. Outside of the vegetation period, there occur intensive processes of mineralization of organic matter, which substantially increase the nutrients level and further intensify the growth of macrophytes. The observed eutrophication process affects negatively the lake itself and makes it inconvenient for sport and recreation. It is therefore recommended to reduce and continually monitor the level of phytomass in the lake.
